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a b s t r a c t 
Adrenocorticotropic hormone (ACTH)-producing pheochromocytoma can cause a variety of 
clinical manifestations of excess catecholamine and corticosteroid. Anatomic localization 
of this source of ectopic ACTH is critical to facilitate unilateral adrenalectomy and prevent 
adrenal insufficiency due to bilateral adrenalectomy. Although nuclear scintigraphy remains 
the diagnostic gold standard, recent radiotracer supply shortages have necessitated alterna- 
tive diagnostic paradigms to localize adrenal pheochromocytomas. We present a case where 
adrenal vein sampling (AVS) was utilized to lateralize an adrenal pheochromocytoma and 
discuss the approach and nuance as it differs from routine AVS for hyperaldosteronism or 
hypercortisolism. 
© 2021 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 
This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
Introduction 
Adrenocorticotropic hormone (ACTH)-producing pheochro- 
mocytomas represent a rare form of ectopic ACTH production 
that results in a wide variety of clinical manifestations related 
to excess catecholamine and corticosteroid circulation. These 
tumors often present diagnostic dilemmas not only in their 
clinical diagnosis but also in terms of anatomical localization 
of the ectopic ACTH source. While standard operative man- 
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agement for pheochromocytomas indicates resection of the 
involved adrenal gland with exploration and/or resection of 
the contralateral gland (especially if enlarged), a unilateral 
approach sparing the contralateral gland has been advo- 
cated for ACTH-producing subtype [1] . Nuclear scintigraphy 
with Iodine-123 metaiodobenzylguanidine or Gallium-68 
DOTATATE, among others are imaging modalities that can 
aid in detection of adrenal pheochromocytomas [2] . However, 
in situations where these imaging modalities are not readily 
available, adrenal vein sampling (AVS) can potentially provide 
https://doi.org/10.1016/j.radcr.2021.06.055 
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high clinical impact in terms of both diagnosis and treatment 
decisions. While AVS has been well described in localizing 
adrenal sources of hyperaldosteronism or hypercortisolism, 
its detailed role in localizing ACTH-producing pheochromo- 
cytomas of the adrenal gland is less clear. Here we present 
a case where AVS successfully confirmed the presence of 
an ACTH-producing pheochromocytoma of the left adrenal 
gland leading to successful subsequent clinical management 
and outline the nuances of the procedure distinct to this 
clinical entity. 
Case report 
Institutional review board approval was not required for 
preparation of this case report. A 62 year old male with past 
medical history of type-2 diabetes, hypertension, and multi- 
ple sclerosis was admitted to our institution with right arm 
weakness in the setting of hyponatremia, hypokalemia, and 
hyperglycemia. He had been previously evaluated on multiple 
occasions for uncontrolled hypertension, and other metabolic 
abnormalities and symptoms consistent with Cushing’s syn- 
drome. During his hospitalization, he had an elevated serum 
cortisol level that failed to suppress with both low and high 
dose dexamethasone suppression tests, elevated serum and 
urine metanephrines and normetanephrines, and a markedly 
elevated ACTH level of 682 pg/mL (normal 7-63 pg/mL), point- 
ing to a possible ectopic source of ACTH hypersecretion. Mag- 
netic resonance (MR) of the pituitary revealing a microade- 
noma lead to bilateral inferior petrosal sinus sampling (IPSS), 
which failed to identify it as a source of ACTH hypersecretion. 
An MR of the abdomen demonstrated a left adrenal nodule 
measuring 2.8 × 2.9 × 3.3 cm ( Fig. 1 ) and thickening of the 
right adrenal nodule, which in the presence of elevated serum 
and urine metanephrines and normetanephrines raised sus- 
picion for an ACTH-producing pheochromocytoma. Due to a 
global shortage of Gallium-68 DOTATATE radiotracer in late 
2019, a PET/CT scan could not be obtained in a timely fash- 
ion for anatomic localization. 
Given this, the interventional radiology service was con- 
sulted for AVS to localize and confirm the left adrenal nod- 
ule as an ACTH-producing pheochromocytoma. Prior to the 
procedure the patent was started on a phenoxybenzamine 
alpha-blockade. As opposed to sampling for ACTH with IPSS, 
stimulation with corticotropin-releasing hormone (CRH) was 
not necessary as it would not have influenced ectopic ACTH 
sources and is meant to minimize the pulsatility of the pi- 
tuitary gland [3] . AVS was performed in standard fashion in- 
volving selection of the left adrenal vein with a Simmons 2 
(Cook Medical, Bloomington, IN) catheter and the right adrenal 
vein with a Cobra 2 (Cook Medical, Bloomington, IN) catheter 
( Fig. 2 ). However, there were several specimen collection and 
handling considerations for sampling of ACTH from adrenal 
glands. For each site, a separate sample was sent each for cor- 
tisol, catecholamine fraction, and ACTH. Catecholamine frac- 
tion including epinephrine values were obtained to confirm 
adequate sampling of the adrenal gland, similar to that ad- 
vocated for AVS in cases of hypercortisolism, and these sam- 
ples were placed in pre-chilled catecholamine tubes contain- 
Fig. 1 – Contrast enhanced magnetic resonance (MR) image 
of the abdomen demonstrated a 2.8 × 2.9 × 3.3 cm nodule 
of the left adrenal gland (white arrow) 
ing EDTA-sodium metabisulfite solution on an ice slurry [4] . 
Blood samples for ACTH were placed in lavender-top K2 EDTA 
tubes also pre-chilled and on an ice slurry. 
Adequate sampling of each adrenal gland was confirmed 
by epinephrine levels exceeding that of the periphery by 
greater than 100 pg/ml [4] . ACTH levels from the left adrenal 
gland were markedly elevated (greater than 25,000 pg/ml), and 
higher than that of the right adrenal gland (577 pg/ml) and 
periphery (725 pg/ml), confirming that this was the source of 
ectopic ACTH secretion. Of note, cortisol levels from the right 
adrenal gland were higher than that of the left (922 mcg/dL 
vs. 288 mcg/dL) and periphery (47.4 mcg/dL), which was hy- 
pothesized to be due to the fact that the normal right adrenal 
gland was more capable of responding to ACTH secretion com- 
pared to the left which was compromised by the pheochro- 
mocytoma. The patient then underwent left adrenalectomy 
with pathological confirmation of pheochromocytoma with 
adrenal cortical hyperplasia. He had a full clinical recovery 
and both clinical and biochemical resolution of manifesta- 
tions related to excess corticosteroid and catecholamine se- 
cretion following surgery. 
Discussion 
Ectopic ACTH secretion can arise from a number of anatomic 
sources, with pituitary adenomas accounting for the major- 
ity [5] . Of these, ACTH-producing pheochromocytomas are 
particularly rare, representing approximately 5% of all cases 
[6] , [7] . ACTH-producing pheochromocytomas can represent a 
rare source of both hypercortisolism and catecholamine ex- 
cess, resulting in both uncontrolled hypertension and Cushin- 
goid features in some patients [5] , [6] . While standard opera- 
tive management of adrenal pheochromocytomas advocates 
resection of the involved and potentially also the contralateral 
gland if enlarged due to the high rates of metastasis, unilat- 
eral adrenalectomy of with preservation of the contralateral 
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Fig. 2 – Bilateral adrenal vein sampling (AVS) was performed to confirm that the nodule of the left adrenal gland was the 
source of ectopic ACTH secretion. (A) Fluoroscopic contrast injection image of a Simmons-2 catheter (Cook Medical, 
Bloomington, IN) in the left adrenal vein shows the typical appearance of the left adrenal vein with capsular branches (black 
arrow) involving the known nodule on that side. (B) Fluoroscopic contrast injection image of a Cobra-2 catheter (Cook 
Medical, Bloomington, IN) in the right adrenal vein shows the typical branch-like pattern of the right adrenal vein. 
Epinephrine levels from samples from both adrenal veins were markedly elevated compared to the periphery (greater than 
100 pg/ml) confirming adequate sampling 
gland has been suggested specifically with ACTH-producing 
subtypes to preserve long term adrenal function and mini- 
mize morbidity [1] . Therefore, the correct localization and bio- 
chemical characterization of this pheochromocytoma subtype 
can have high clinical impact by facilitating curative surgical 
treatment and sparing the unaffected adrenal gland. 
AVS is not typically utilized for the diagnosis and char- 
acterization of adrenal pheochromocytomas due to the wide 
range of normal catecholamine values in patients without 
pheochromocytomas [8] . However, we present a case here 
where adrenal sampling of ACTH provided a confirmatory di- 
agnosis in the ACTH-producing subtype. In this case the ACTH 
value from the involved adrenal gland was several folds higher 
than that of the contralateral gland and periphery, confirming 
that this was the ectopic ACTH source. While the technical as- 
pects of AVS are the same as that for the more common con- 
ditions of hyperaldosteronism or hypercortisolism, the rarity 
of this entity requires several important considerations in the 
approach and sample handling for successful execution by the 
Interventional Radiologist. First, as opposed to IPSS, stimula- 
tion with CRH is not necessary as non-pituitary ectopic ACTH 
sources do not respond to this [3] . Mitigation of hypertensive 
crisis from potential stimulation of the pheochromocytoma 
by catheterization is done with phenoxybenzamine alpha- 
blockade prior and during the procedure. As adrenal cortisol 
values will be influenced by this pathology, we utilized adrenal 
catecholamine values as an indicator of successful adrenal 
vein sampling as described by Young et al for cases of hyper- 
cortisolism [4] . Finally, the Interventional Radiologist should 
be prepared to obtain larger volumes of blood at each sam- 
pling position than is typically done for hyperaldosteronism 
due to the need to assay for additional markers such as ACTH 
and catecholamines, which require placement in lavender-top 
K2 EDTA and EDTA-sodium metabisulfite tubes respectively 
both pre-chilled in an ice slurry. 
This case outlines the necessary approach, patient prepa- 
ration and blood sample handling for successful AVS to 
identify this rare condition. Given the advocated unilateral 
adrenalectomy approach for ACTH-producing pheochromocy- 
tomas, localization and confirmation though AVS can provide 
high clinical impact. 
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